This paper presents a general approach for the design of an adaptive position control for robotic system by the backstepping passivity strict-feedback technique. The advantage of this control technique is that it imposes desired stability properties by fixing for an output given, the storage, input and stabilizing functions with each recursive step of the system.
1-Introductioq
The problem of nonlinear position control of robotic systems by the passivity backstepping strict -feedback method is developed in this paper. It consists of elaborating a control method that guarantees the asymptotic stability and the tracking of desired position and speed trajectories. A major advantage of this method is its flexibility to build the control law by avoiding the cancellation of useful non-linearities. Su and Stepanenko [ 19971 used the integrator technique of backstepping in order to conceive an adaptive hybrid control law for the robot manipulator joints. Semi-global asymptotic stability of t k controller is established using Lyapunov theory. Guenther and Hsu [ 19931 have designed an adaptive tracking control for rigid-link electrically-driven robot manipulators in the case of arbitrary uncertain mechanical and electrical modeling parameters. A strategy based on the multiple loops control technique is presented by combining an adaptive control for rigid-link robot with a variable-structure control law for robot actuator. The global asymptotic stability of the system is ensured.
The approach presented in the paper consists in conceiving an adaptive backstepping control law for position tracking problems in robotic systems. This design that is made for each recursive step of system includes the study of the passive systems, and the parameters estimation. Also, the advantage of this method is related to the conservation of all system non-linearities in the expression of control. The simulation results presented in this paper will show the global stability of the system. The paper is organized as follows: in section 2, the global model for the robot manipulator is constructed by considering the rigid robot and actuator models as interconnected subsystems. In section 3, the robot dynamic model is established, in the form of variable of state, using backstepping strict-feedback technique. This model will be used in the derivation of the backstepping adaptive control law applied to the trajectory -tracking problem of section 4. The parameters of the system are presented in section 5 and numerical simulation results are presented and discussed in sections 6. Finally, a conclusion is given in section 7.
2-Dvnamic eauations of the robot
Consider an n-links manipulator. Let ER" denotes the vector If q~ R" is differentiable, then we denote by q its time derivative. qzR" is viewed as a column vector so that its transpose qT is a row vector. M(q) E %"*" is a symmetric, positive definite inertia and mass matrix. C(q) E R"' " is a matrix of the Coriolis and centrifugal forces. G(q) ER" is the vector of gravity terms.
of generalized displacements in articulation coordinates.
Then, the system dynamics can be written as
(1)
The input torques to the links produced by the actuators are .r=K,I
(2)
Where z E R" is the joint input torque vector. This notation L~+ R I + K , Q = v L, R, K, and K, E R""'" are positive definite diagonal matrices, which represent respectively, the actuator inductance, the actuator resistance, the constant coefficient of the actuator and the constant coefficient characterizing the electromechanical conversion between current and torque. I E 3" is the current armature, and v E %" is the armature voltage.
State mace representation
Let us consider the robot shown in figure 1 electrically controlled, where I,, 12, I3 and 14 are the currents, d, is displacement of articulation 1, Q , e and % are the articular 2, 3 and 4 positions and d, , q,, q, and 4, are speeds.
The dynamic equation (3) can be rewritten using the state space method as 
4.Derivation of the control law
The design of the control law will be made with each recursive step of the system. The global stability of the robot is shown using passivity approach. For each step {i} of this technique and for a given output Y,-~, we have a stabilizing function a,,, which pays the role of the corresponding control law, an input function U ,-, , and a storage function W,, , which is always fix. In the way, the stability of the system for each step is guaranteed. The methodology and all the relation between the various elements are explained below. Thus, we will have three recursive steps, which correspond to each subsystem of the stage of the system the cascade. Our goal here, is to find a control law v to stabilize the state of the system (3). Since system (8) belongs and satisfies all the requirements of the strict-feedback systems class, the design of the control law sing backstepping method can be applied as in Sepulchre et al. [1996] and Krstic et al. [1995] .
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Considering the first step of system (8) 
Adaotive BacksteDainP traiecton, tracking
Although the dynamic model of equation ( 1 ) is non linear in terms of position and speed, be can expressed in a linear form in the terms of appropriate parameters, thus the dynamics can be written as = W(q, 4, ;i)P (21) where WE 31"" and PE 9Ir, W is the matrix of known functions of the generalized coordinates and their higher derivatives, and p is a constant r-dimensional vector of robot parameter. The parameters p, to pz2 are function of mass q , moment of inertia 1 , mass center a yi and q and length of the robot. The parameters estimation for this precise case, will be done exclusively on the level of step 2. Let M = M + G (22) c=e+Z.
(23)
where M , e and 6 represent respectively the estimated matrices and G, e and 5 represent respectively the error matrices. The expression of step 2 can be reformulated as
where u1 is the control of the system. After development
Then, the control law for stabilizing &ltakes the following form
(27)
.
, and substituting (27) 
v(t) = eTPe + "pr-'i with r a positive definite diagonal matrix.
The differentiation of v(t) leads to
Because the matrix of the equation (29) 
Moreover, the parameter adaptation law is besides the estimation of the parameters, the current desired is calculated by considering the model (3) of the manipulator that can be rewritten as figure 2 shows the structure of the proposed control method in closed loop 
systems parameters
The mass and inertial parameters are given in table1 
Simulation results
The trajectory tracking problem shown in figure 3 is very satisfactory, as in the cases of the articular position of figure 4 an 5. The tracking errors are are negligible as it is shown in figures 6 and 7. All the estimated parameters do not certainly converge with the exact values, but have a correct and very satisfactory bhavior as shown by the curves of p l , p2 and p3 in figure 8. The system control described in figure 9 has an acceptable behavior. 
